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(54) Bulk acoustic resonator perimeter reflection system 



(57) A bulk acoustic resonator (50) having a high 
quality factor is formed on a substrate (54) having a de- 
pression (56) fornied in a top surface (52) of the sub- 
strate (54). The resonator (50) Includes a first electrode 
(62), a piezoelectric material (60) and a second elec- 
trode (58). The first electrode (62) is disposed on the top 
surface of (52) the substrate (54) and extends beyond 
the edges (70a, 70b, 70c) of the depression (56) by a 
first distance (dg) to define a first region (72) therebe- 
tween. The piezoelectric material (60) is disposed on the 
top surface (52) of the substrate (54) and over the first 
electrode (62), and the second electrode (58) is dis- 
posed on the piezoelectric material (60). The second 
electrode (58) Includes a portion (64) that is located 



above the depression (56). The portion (64) of the sec- 
ond electrode (58) that Is located over the depression 
(56) has at least one edge (68a, 6Bb. 68c) that is offset 
from a con-esponding edge (70a, 70b, 70c) of the de- 
pression (56) by a second distance (d^) to define a sec- 
ond region (66) therebetween. The first and second re- 
gions (72, 66) have different impedances, as a result of 
the different materials located in the two regions. In ad- 
dition, the first and second distances (dg, d^) are approx- 
imately equal to a quarter- wavelength of a sound wave 
travelling laterally across the respective region, such 
that reflections off of the edges of the regions construc- 
tively interfere to maximize the reflectivity of the reso- 
nator. 
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Description 

FIELD OF THE INVENTION 

[0001 1 The present Invention relates to acoustic res- 
onalors, and more particularly, to acouslic resonators 
that may be used as fillers for electronic circuils. 

BACKGROUND 

[0002] The need to reduce the cost and size of elec- 
tronic equipment has lead to a continuing need for small 
filter elements. Consumer electronics such as cellular 
telephones and miniature radios place severe limita- 
tions on both the size and cost of the components con- 
tained therein. Many such devices utilize filters that must 
be tuned to precise frequencies. Accordingly, there has 
been a continuing effort to provide Inexpensive, com- 
pact filter units. 

[0003] One class of filter elements that has the poten- 
tial for meeting these needs is constructed from acoustic 
resonators. These devices use bulk longitudinal acous- 
tic waves in thin film piezoelectric material. In one simple 
configuration, a layer of piezoelectric material is sand- 
wiched between two metal electrodes. The sandwich 
structure is suspended in air by supporting it around the 
perimeter. When an electric field is created between the 
two electrodes via an impressed voltage, the piezoelec- 
tric material converts some of the electrical energy into 
mechanical energy in the form of sound waves. The 
sound waves can propagate longitudinally in the same 
direction as the electric field and reflect off the electrode/ 
air Interface. In addition, the sound waves also propa- 
gate in a direction transverse to the electric field and 
reflect off the various discontinuities at the edges of the 
electrodes or the structure. 

[0004] The device is a mechanical resonator which 
can be electronically coupled. Hence, the device can act 
as a filter. For a given phase velocity of sound in the 
material, the mechanical resonant frequency is that for 
which the hatf-wavelength of the sound wave propagat- 
ing longitudinally in the device is equal to the total thick- 
ness of the device. Since the velocity of sound is four 
orders of magnitude smaller than the velocity of light, 
the resulting resonator can be quite compact. Resona- 
tors for applications in the GHz range may be construct- 
ed with physical dimensions less than 100 microns in 
diameter and a few microns in thickness. 
[0005] Thin film bulk acoustic resonators (FBARs) 
and stacked thin film bulk wave acoustic resonators 
(SBARs) include a thin sputtered piezoelectric film hav- 
ing a thickness on the orcJer of one to two microns. Elec- 
trodes on top and bottom sandwich the piezoelectric film 
to provide an electric field through the piezoelectric ma- 
terial. The piezoelectric film, in turn, converts a fraction 
of the electric field into a mechanical field. An FBAR is 
a single layer of piezoelectric material and acts as an 
absorption filter. An SBAR is constructed by stacking 



two or more layers of piezoelectric material with elec- 
trodes between the layers and on the top and bottom of 
the stack. SBARs are typically used as transmission fil- 
ters. 

s [0006] To simplify the following discussion, the 
present invention will be explained in terms of an FBAR; 
however, it will be apparent from the discussion that the 
teachings of the present invention are also applicable to 
SBARs as well. The portion of the piezoelectric film in- 
10 eluded between the overiap of electrodes fonns an 
acoustic cavity. The primary oscillatory mode of this cav- 
ity is that in which sound waves, of the compression, 
shear, or plate wave type, propagate in a longitudinal 
direction perpendicular to the plane of the electrodes. 

IS Unfortunately, there are other oscillatory modes that can 
be excited. These so-called "lateral mode" resonances 
correspond to sound waves travelling parallel to the 
plane of the electrodes and bouncing off of the walls of 
the acoustic cavity or the discontinuity at the edge of the 

^0 electrode layers. Once in these lateral modes, the me- 
chanical energy is lost as heal. This loss of energy af- 
fects the quality of the FBAR. Reducing the energy loss 
from lateral mode resonances will improve the quality 
factor (Q) of the FBAR and pernilt the design of sharper 

25 frequency response filters, duplexers and oscillators 
with lower phase noise. 

[0007] It is an object of the present invention to pro- 
vide an improved, high Q bulk acoustic resonator with 
reduced energy loss from lateral mode resonances. 

30 

SUIVIMARY 

[0008] In accordance with one embodiment of the 
present invention, an acouslic resonator includes a sub- 

35 Strata, first and second electrodes, and a piezoelectric 
material. The substrate has a depression fomied in a 
top surface thereof. The first electrode, which is dis- 
posed over the depression in the top surface of the sub- 
strate, to provide an electrode/air Interface, extends be- 

^0 yond the edges of the depression by a first distance to 
define a first region therebetween. The piezoelectric 
material is disposed on the top surface of the substrate 
and over the first electrode. The second electrode is dis- 
posed on the piezoelectric material and Includes a por- 

^5 tlon that Is located above the depression. The portion of 
the second electrode that Is located above the depres- 
sion has at least one edge that Is offset from a corre- 
sponding edge of the depression by a second distance 
to define a second region therebetween. An overiap of 

50 the first and second electrodes and the piezoelectric 
material fonns an acoustic cavity of the resonator. The 
first and second regions have Impedances that differ 
from each other, as a result of the difference in materials 
In the two regions. In addition, each of the first and sec- 

55 ond distances Is approximately equal to a quarter-wave- 
length of a sound wave travelling laterally across the re- 
spective region, such that reflections off of the edges of 
the regions constructively interfere to maximize the re- 
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fleclivity of the resonator. Thus, the first and second re- 
gions act as Bragg reflectors and reflect sound waves 
from lateral mode resonances back to the acoustic cav- 
ity of the resonalor, where these sound waves may then 
be converted to the desired, primary oscillatory mode. 5 
[0009] The acoustic resonator Includes a further pe- 
rimeter reflection system to reflect additional sound 
waves from lateral mode resonances back to the acous- 
tic cavity of the resonalor The perimeter reflection sys- 
tem can include structures disposed on the piezoelectric io 
material around the first electrode or structures dis- 
posed on the pidzoelectric material above the depres- 
sion and around the second electrode. An example of 
the fonmer includes a structure located a predetermined 
distance from an edge of the first electrode correspond- is 
ing to an edge of the second electrode that is offset from 
a corresponding edge of the depression. A third region 
extends from that edge of the first electrode to the struc- 
ture. The third region has an impedance that differs from 
that of the second region, and the predetermined dis- so 
tance is approximately equal to a quarter-wavelength of 
a sound wave travelling laterally across the third region. 
The structure itself defines a fourth region having an Im- 
pedance, different from that of the third region, and the 
width of the fourth region Is approximately equal to a 25 
quarter-wavelength of a sound wave travelling laterally 
across the fourth region. 

[0010] A example of the latter structure is one dis- 
posed on the piezoelectric material above the depres- 
sion and located a predetenmlned distance from an edge so 
of the second electrode that Is offset from a con-espond- 
ing edge of the depression. A third region 'e'xtends from 
that edge of the second electrode to the structure, and 
the predetermined distance is approximately equal to a 
quarter-wavelength of a sound wave travelling laterally 35 
across the third region. Similar to the previous example, 
the structure itself defines a fourth region having an Im- 
pedance different from that of the third region, and the 
width of the fourth region is approximately equal to a 
quarter-wavelength of a sound wave travelling laterally 40 
across the fourth region. 

[001 1 ] In accordance with another embodiment of the 
invention, a method of making an acoustic resonator Is 
described. The method includes providing a substrate 
having a depression fornied in a top surface thereof and ^5 
a first electrode disposed on the top surface. The first 
electrode is located above the depression and extends 
beyond the edges of the depression by a first distance 
to define a first region therebetween. The method further 
includes depositing a piezoelectric material on the top so 
surface of the substrate over the first electrode and de- 
positing a second electrode on the piezoelectric mate- 
rial. An overtap of the first and second electrodes and 
the piezoelectric material fonms an acoustic cavity of the 
resonator. The second electrode includes a portion to- s$ 
cated above the depression that has at least one edge 
that is offset from a corresponding edge of the depres- 
sion by a second distance to define a second region 



therebetween. The second region has an impedance 
that differs from that of the first region. In addition, each 
of the first and second distances is approximately equal 
to a quarter-wavelength of a sound wave travelling lat- 
erally across the respective region , and the first and sec- 
ond regions form Bragg reflectors. Additional structures, 
such as Ihose described above, can also be added to 
reflect more sound waves from lateral mode resonances 
back to the acoustic cavity of the resonator. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] The present invention may be better under- 
stood, and its numerous object, features, and advantag- 
es made apparent to those skilled in the art by referenc- 
ing the accompanying drawings, wherein like reference 
numerals are used for tike parts of the various drawings. 

Figure 1 is a cross-sectional view of an FBAR res- 
onator. 

Figure, 2 is a cross-sectional view of an SBAR res- 
onator. 

Figure 3 is a top view of an FBAR in accordance 
with one embodiment of the present invention. 

Figure 4 is a cross-sectional view taken generally 
along the line 4-4 of Figure 3. 

Figure 6 is a cross-sectional view taken generally 
along the line 5-5 of Figure 3. 

Figure 6 is a top view of an FBAR in accordance 
with another embodiment of the present invention. 

Figure 7 is a cross-sectional view taken generally 
along the line 7-7 of Figure 6. 

DETAILED DESCRIPTION 

[001 3] The present invention may be more easily un- 
derstood with reference to Figures 1 and 2, which are 
cross-sectional views of an FBAR and an SBAR, re- 
spectively. Referring to Figure 1 , an FBAR 1 0 formed on 
a substrate 12 includes bottom and top electrodes 14 
and 18, respectively, which sandwich a sheet of piezo- 
electric material 1 6. The piezoelectric material 1 6 is sus- 
pended over a depression 20 to provide an electrode/ 
air interface on the bottom of the FBAR. The depression 
20 is typically created by etching away a portion of sub- 
strate 12. The preferred piezoelectric material is alumi- 
num nitride. AIN, however other piezoelectric materials 
may also be used. The electrodes 14 and 18 are pref- 
erably made of molybdenum; however, embodiments 
employing other materials may also be constructed. A 
coordinate system 22 is oriented such that the z-axis 
corresponds to longitudinally directed waves of any 
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mode type, while the x-axis and y-axis refer to trans- 
versely directed waves of the compression, shear or 
plate-mode type. 

[0014] These devices are designed to use bulk com- 
pression or shear acoustic waves propagating in a di- 
rection parallel to the 2-axis in the Ihin film plezoeleclric 
material as the desired resonator mode. When an elec- 
tric field is created between the two electrodes via an 
impressed voltage, the piezoelectric material converts 
some of the electrical energy into mechanical energy in 
the form of sound waves. The sound waves propagate 
in the same direction as the electric field shown at 24 
and reflect off of the electrode/air interface. 
[0015] At the mechanical resonance, the device ap- 
pears to be an electronic resonator; hence the device 
can act as a notch filter. The mechanical resonant fre- 
quency is the frequency for which the half-wavelength 
of the sound waves travelling in the device is equal to 
the total thickness of the device for a given composite 
phase velocity of sound in the material. Since the veloc- 
ity of sound is four orders of magnitude smaller than the 
velocity of light, the resulting resonator can be quite 
compact. Resonators for applications in the GHz range 
may be constructed with physical dimensions of the or- 
der of 1 00 microns In length and a few microns in thtek- 
ness. 

[0016] Figure 2 is a cross-sectional view of an SBAR 
30. An SBAR provides electrical functions analogous to 
those of a band-pass filter. The SBAR 30 is basically 
two FBAR filters that are mechanically coupled. The de- 
pression under the bottom layer of piezoelectric material 
has been omitted from this drawing. A signal across 
electrodes 32 and 34 at the resonance frequency of the 
piezoelectric layer 36 will transmit acoustic energy to the 
piezoelectric layer 38. The mechanical oscillations in the 
piezoelectric layer 38 are converted to an electrical sig- 
nal across electrodes 34 and 40 by the piezoelectric ma- 
terial. 

[0017] Referring again to Figure 1 , when a potential 
Is applied across the electrodes In the z-direction to gen- 
erate the desired wave type, a transversely directed me- 
chanical strain nriay be generated, which can excite 
sound waves travelling laterally within the piezoelectric 
layer. These sound waves are predominately reflected 
by the abmpt change In density at the edges of the elec- 
trodes shown at 24, but may also be reflected by the 
edges of the depression orthe edges of the piezoelectric 
sheet. A portion of the sound waves is not reflected by 
the edges but instead passes across the edge and is 
lost as heat. It is this loss of energy due to these lateral 
modes that reduces the quality factor (Q) of the FBAR. 
[0018] Figures 3-6 Illustrate an embodiment of an 
FBAR 50 in accordance with one embodiment of the 
present invention. Figure 3 is a top view of the FBAR, 
and Figures 4 and 5 are cross-sectfonal views taken 
generally along lines 4-4 and 5-5, respectively. The 
FBAR 50 fs formed on a top surface 52 (Figs. 4 and 5) 
of a substrate 54 and is situated above a depression 56 



in the substrate 64 to provide an electrode/air interface 
for the bottom of the FBAR. The FBAR 50 includes a top 
electrode layer 58, a layer of piezoelectric material 60 
and a bottom electrode layer 62. In Figure 3, the bottom 
5 electrode layer 62 and the depression 56 are Indicated 
by dashed lines, as both are located underneath the lay- 
er of piezoelectric material 60. The lop electrode layer 
58 includes a portion 64 that extends over the depres- 
sion 56 in the top surface 52 of the substrate 54. An 
10 overlap of the portion 64 of the top electrode layer 58, 
the piezoelectric material 60 and the bottom electrode 
layer 62 defines the acoustic cavity of the FBAR, 
(001 9] The FBAR 50 of the present invention is an im- 
proved FBAR with a higher Q than conventional FBARs. 
15 This is due to a perimeter reflection system surrounding 
the FBAR that reduces the loss of energy from the 
FBAR. The perimeter reflection system Includes a plu- 
rality of regions that act as Bragg reflectors to recycle 
energy from lateral mode resonances and return that 
20 energy to the acoustic cavity so that It may be converted 
back to the primary oscillatory mode of the FBAR. 
[0020] The perimeter reflection system includes a first 
region 66 that extends from edges 68a, 68b and 68c of 
the portion 64 of the top electrode layer 58 to corre- 
sponding edges 70a, 70b and 70c of the depression 56 
and a second region 72 that extends from edges 70a, 
70b and 70c of the depression 56 to con-esponding edg- 
es 72a. 72b and 72c of the bottom electrode layer 62. 
As best illustrated in Figures 4 and 5, the first region 66 
includes the layer of piezoelectric material 60 and a por- 
tion of the bottom electrode 62 that is located over the 
depression 66. The second region 72 includes the layer 
of piezoelectric material 60, the bottom electrode 62, 
and the substrate 54. As a result of the different mate- 
rials which comprise the first and second regions, the 
first region has an Impedance that differs from that of 
the second region. The impedance of the" first region al- 
so differs from that off the acoustic cavity of the FBAR, 
as the first region does not include the top electrode 58. 
[0021] The first region 66 has a width or distance d^ 
that is equal to the distance from an edge 68a, 68b or 
68c of the top electrode 58 to the corresponding edge 
70a. 70b or 70c of the depression 66, Similarly, the sec- 
ond region 72 has a width or distance dg which Is the 
distance between an edge 70a, 70b or 70c of the de- 
pression 56 and the corresponding edge 74a, 74b or 74c 
of the bottom electrode 62. Each distance d^ and dg is 
approximately equal to a quarter-wavelength of a sound 
wave travelling laterally across the respective region. In 
the preferred embodiment of the invention the distance 
d^ Is greater than the distance dg, and the distance dg 
is approximately 2 microns. Because of the mismatch 
of Impedances between the acousticcavlty of the FBAR 
and the first region and between the first and second 
regions, a percentage of the sound waves from lateral 
mode resonances are reflected back to the acoustic 
cavity of the FBAR 50. Thus, the arrangement of the first 
and second regions 66 and 72 enables the FBAR 50 to 
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suppress lateral mode resonances. 
[0022] The perimeter reflection system further in- 
cludes a structure 76 disposed proximate the FBAR 60. 
In the prefen-ed embodiment of the invention^ the struc- 
ture 76 includes a plurality of segments 78a, 78b and 
78c and surrounds all but one side of the FBAR 50. How- 
ever, one of ordinary skill in the art will appreciate that 
the structure 76 may include fewer segments. In addi- 
tion, the segments need not be connected to one anoth- 
er. Each segment 76a. 76b and 76c is offset from the 
corresponding edge 74a, 74b and 74c of the first elec- 
trode by a distance Thus, a third region 80 having a 
width equal to the distance d3 is fonned between the 
edges 74a, 74b and 74c of the bottom electrode and the 
structure 76. The third region 80 has an impedance that 
differs from that of the second region 72. This difference 
in Impedance is due to the absence of the bottom elec- 
trode layer 62 in the third region 80. Thus, the third re- 
gion 80 includes only the layer of piezoelectric material 
60 and the substrate 54. The distance 6^ of the third 
region 80 is selected such that it is approximately equal 
to a quarter-wavelength of a sound wave travelling lat- 
erally across the third region 80, so that reflections off 
of the edges of the third region will constructively inter- 
fere, 

[0023] The structure 76 is preferably made of the 
same material as the top and bottom electrodes 58 and 
62, respectively, and may be deposited on the layer of 
piezoelectric material 60 at the same time as the top 
electrode 58. The structure 76 has a width d^. A fourth 
region 82 having the width d^ Includes the structure 76. 
the piezoelectric layer 60 and the substrate 54, The 
fourth region 82 has an Impedance that differs from the 
Impedance of the third region 80. The width 6^ of the 
fourth region 82 is selected such that it is approximately 
equal to a quarter- wavelength of a sound wave travel- 
ling laterally across the fourth region 82. so that reflec- 
tions off of the edges of the fourth region 82 will con- 
structively interfere. 

[0024] Thus, in the perimeter reflection system of the 
present invention the distances d^, dg, dg and d4 of the 
respective first region 66, second region 72, third region 
80 and fourth region 82, are carefully selected such that 
for lateral mode resonances of the FBAR 50, sound 
waves reflecting off of the edges of each region con- 
structively interfere to maximize the reflection coefficient 
of the FBAR 50. As a result, the regions act as Bragg 
reflectors, and energy from lateral mode resonances, 
which would have been lost, is reflected bacl^ to the 
acoustic cavity of the FBAR 50. Once reflected back to 
the acoustic cavity, this energy may be converted to the 
desired primary oscillatory mode of the FBAR, which is 
in a longitudinal direction perpendicular to the plane of 
the electrodes, 

[0025] Although it is not lllustraled In the drawings, 
one of ordinary skill In the art will appreciate that addi- 
tional structures similar to structure 76 may be added at 
Intervals around structure 76 to increase the percentage 



of energy from lateral mode resonances that is brought 
back to the acoustic cavity of the FBAR. The more Bragg 
reflector regions there are in the perimeter reflection 
system, the closer the perimeter reflection system will 
3 be to a perfect mirror that reflects all of the energy back 
to the acoustic cavity of the FBAR. 
[0026] The FBAR 50 with the perimeter reflection sys- 
tem may be constructed, as follows, on the substrate, 
which can be, for example, a conventional silicon wafer, 

10 on which FBARs are manufactured simultaneously. For 
purposes of simplicity, however, the discussion will be 
limited to the manufacture of a single FBAR. The de- 
pression 56 is first etched into the top surface 52 of the 
substrate 54. Next a thin layer of thenmal oxide is grown 

IS on the top surface 62 to prevent phosphorous from the 
phosphor-silica-glass (PSG), which will be used in a 
subsequent step, from diffusing into the substrate 54. 
Such a diffusion would convert the silicon forming sub- 
strate into a conductor, which would interfere with the 

20 electrical operation of the final device. 

[0027] A sacrificial PSG layer (not shown) is then de- 
posited on the top surface 52 at a temperature of ap- 
proximately 450*C, using silicane and PgOg to form a 
soft, glass-like material which is approximately 8% 

25 phosphorous. The PSG layer is then polished using a 
slurry to remove the portions of the PSG outside of the 
depression 56 and to leave a "mirror-like" finish on top 
of the PSG portion In the depression 56. The substrate 
is then cleaned, 

30 [0028] After cleaning an electrode layer is deposited 
and selectively etched to fomi the bottom electrode 62 
of the FBAR 50. Various materials, such as molybde- 
num, aluminum', tungsten, gold, platinum and titanium, 
may be used for electrodes. Molybdenum has a low 

3s themioelastk: loss, making It advantageous for use In 
resonators. 

[0029] After the bottom electrode 62 has been depos- 
ited, the layer of piezoelectric material 60 is deposited. 
In one embodiment the piezoelectric layer is a sputter- 

40 deposited layer of AIN having a thickness in the range 
of approximately 0.1 mferon and 10 microns. The top 
electrode layer 58 and the structure 76, which are 
formed of the same material as the bottom electrode 62 , 
are then deposited on the layer of piezoelectric material 

4s 60 and selectively etched. 

[0030] Next, the bottom side of the substrate may be 
thinned using a lapping, plasma etch, or chemical me- 
chanteal polishing (CMP) process to remove material 
from the underside of the substrate, thereby improving 

so thermal properties of and reducing an electromagnetic 
influence in a resulting filter. The sacrificial PSG layer 
and thermal oxide layer may be removed from the de- 
pression 56 at any time after the bottom electrode 62 
has been deposited. In the preferred embodiment of the 

ss Invention, the PSG layer and thermal oxide layer are re- 
moved after the substrate has been thinned. Vias (not 
shown) are formed in the substrate to expose the PSG 
layer, and the PSG layer and XWevfna\ oxide layer are 
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removed by etching in a dilute H20:HF solution. The re- 
sulting FBAR is illustrated in Figures 3-5. 
[0031] Figures 6 and 7 Illustrate another embodiment 
of an FBAR 50' with a perimeter reflection system In ac- 
cordance with the present Invention. FBAR 50' has a 
perimeter reflection system that includes a first and sec- 
ond multi-eiemenl reflectors. The first multi-element re- 
flector has elements 84a, 84b and 84c, and the second 
multi-element reflector has elements 66a, 65b and 86c. 
Additional multi-element reflectors may be Included, but 
are not Illustrated for reasons of simplicity. 
[0032] As best illustrated in Figure 7, unlike structure 
76 in Figures 3-5. which is not located above the de- 
pression 56 fornied in the substrate 54, the first and sec- 
ond rnulti-element reflectors are located above the de- 
pression 56 to provide a more effective structure. Re- 
flector elements 84a, 84b, 84c. B6a. 86b and 86c are 
higher acoustic impedance elements. Each of reflector 
elements 84a, 84b and 84c is located a distance d^' 
away from a corresponding edge of top electrode 58 and 
has a width d^ . Similariy, each of reflector elements 86a. 
86b and 86c is located a distance cL}' away from respec- 
tive reflector elements 84a. 84b and 84c and has a width 
d4*. Reflector elements 86a, 86b and 86c are located a 
distance ds' from the respective edges 70a. 70b and 70c 
of the depression 56 formed in the substrate 54, and 
edges 70a. 70b and 70c of the depression 56 are locat- 
ed a distance dg from respective edges 74a, 74b and 
74c of the bottom electrode 62. The distances d^', dg'. 
dg' and dg and widths dg' and d^ are precisely chosen 
such that each is approximately equal to a quarter- 
wavelength of a sound wave travelling laterally across 
the particular region, In order to reflect lateral modes 
back to the FBAR 50' in phase. 
[0033] Additional multi-element reflectors or struc- 
tures similar structure 76 of Figures 3-5 may be provided 
outside of the depression 56 around the first and second 
multi-element reflectors. The FBAR 60* with multi-ele- 
ment reflectors may be made In a manner similar to that 
described above with respect to the FBAR 50 of Figures 
3-5. 

[0034] As described above, the present invention pro- 
vides improved FBAFU that result in less energy from 
lateral mode resonances. The perimeter reflection sys- 
tem of the FBAR and sun'ounding structure fonms a se- 
ries of Bragg reflectors that redirect energy from lateral 
mode resonances back to the acoustic cavity of the 
FBAR, where that energy may be converted to the de- 
sired longitudinal mode. The present invention provides 
an improved FBAR with a high Q that will permit the de- 
sign of sharper frequency response filters, duplexers 
and oscillators with lower phase noise. 
[0035] While particular embodiments of the present 
invention have been shown and described, it will be ob- 
vious to those of ordinary skill In the art that changes 
and modifications may be made without departing from 
this invention in its broader aspects. For example, even 
though the acoustic cavity of the FBARs shown has a 



rectangular shape, the acoustic cavity may take on any 
polygonal shape. In particular, it may be beneficial for 
the acoustic cavity to have an in-egular polygonal shape 
(e.g.. and irregular quadrilateral) in order to reduce the 

s absorption anomalies caused by the lateral modes. The 
perimeter reflection system of the present invention may 
be designed for an FBAR with a non-reclangular acous- 
tic cavity. Thus, the appended claims are to encompass 
within their scope all such changes and modifications 

10 as fall within the tme spirit and scope of this invention. 



Claims 

IS 1 . An acoustic resonator (50) comprising: 

a substrate (54) having a depression (56) 
formed in a top surface (52) thereof; 
a first electrode (62) disposed on the top sur- 
^0 face (52) of the substrate (54) and over the de- 

pression (56), the first electrode (56) extending 
beyond a plurality of edges (70a, 70b, 70c) of 
the depression (56) by a first distance (d2) to 
define a first region (72) therebetween; 
2S a piezoelectric material (60) disposed on the 

top surface (52) of the substrate (54) and over 
the first electrode (62); and 
a second electrode (58) disposed on the piezo- 
electric material (60) and including a portion 
30 (64) located above the depression (56), the por- 

tion (64)located above the depression (56) hav- 
ing at least one edge (68a, 6Bb, 68c) that is off- 
set from a corresponding edge (70a, 70b, 70c) 
of the depression (56) by a second distance 
3^ (d^) to define a second region (66) therebe- 

tween, the second region (66) having an imped- 
ance that differs from an Impedance of the first 
region (72), 

^0 wherein an overlap of the first electrode (62), 

the piezoelectric material (60) and the second elec- 
trode (58) forms an acoustic cavity of the resonator 
(50). 

2. The acoustic resonator of claim 1 . wherein each of 
the first and second regions (72. 66) has a width 
(dg. d^) that is approximately equal to a quarter- 
wavelength of a sound wave travelling laterally 
across the respective region. 

50 

3. The acoustic resonator of claim 2, wherein the width 
(d2)of the first region (72) is less than the width (d^) 
of the second region (66). 

4. The acoustic resonator of claim 1 , further compris- 
ing a stmcture (76) disposed on the piezoelectric 
material (60), the stmcture (76) being located a pre- 
determined distance (da) from an edge (74a, 74b. 
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74c) of the first electrode (62) corresponding to the 
at least one edge of the second electrode (68a, 68b, 
68c) that is offset from the corresponding edge of 
the depression (70a, 70b, 70c), wherein a third re- 
gion (80) extends from that edge (74a, 74b, 74c) of s 
the first electrode (62) to the structure (76), the third 
region (80) having an impedance that differs from 
the impedance of the first region (72). the predeter- 
mined distance (d3) being approximately equal to a 
quarter-wavelength of a sound wave travelling lat- io 
erally across the third region (60). 



being located a second predetermined distance 
(d3')from the first structure (84a, 84b, 84c), the sec- 
ond predetemriined distance (6^*) being approxi- 
mately equal to a quarter-wavelength of a sound 
wave travelling laterally across a fifth region be- 
tween the first and second structures, and wherein 
a sixth region is defined by the second structure 
(86a, 86b, 86c), the sixth region having a width (d4') 
approximately equal to a quarter-wavelength of a 
sound wave travelling laterally across the sixth re- 
gion. 



5. The acoustic resonator of claim 4, wherein a fourth 
region (82) is defined by the structure (76), the 
fourth region (82) having an impedance that differs 15 
from the impedance of the third region (80). the 
fourth region (82) having a width (d4) approximately 
equal to a quarter-wavelength of a sound wave trav- 
elling laterally across the fourth region (80). 

20 

6. The acoustic resonator of claim 4, wherein the 
structure includes a plurality of segments (78a3 78b, 
78c), each segment (78a, 78b. 7Bc) being spaced 
apart from a corresponding edge (74a. 74b, 74c) of 
the first electrode (62) by the predetermined dis- 25 
tance (d3). 



7. The acoustic resonator of claim 6, wherein the plu- 
rality of segments (78a, 78b, 78c) are connected to 
each other, the structure (76) extending around a 3o 
plurality of edges (74a, 74b. 74c) of the first elec- 
trode (62). 

8, The acoustic resonator of claim 1 , further compris- 
ing at least one structure (84a, 84b, 64c) disposed 35 
on the piezoelectric material (60) above the depres- 
sion (56), the at least one structure (84a, 84b, 84c) 
being located a predetemriined distance (d^') from 
the at least one edge (68a, 68b, 68c) of the second 
electrode (58) that is offset from the con-esponding 40 
edge (70a, 70b. 70c) of the depression (56), where- 
in a third region extends from that edge (68a, 68b, 
68c) of the second electrode to the stmcture (84a, 
84b, 84c), the predetermined distance (d/) being 
approximately equal to a quarter-wavelength of a 
sound wave travelling laterally across the third re- 
gion, and wherein a fourth region is defined by the 
structure (84a. 84b, 84c). the fourth region having 

an Impedance that differs from the Impedance of the 
third region, the fourth region having a width (dg) 
approximately equal to a quarter-wavelength of a 
sound wave travelling laterally across the fourth re- 
gion. 

• 9. The acoustic resonator of claim 8, wherein two 55 
structures (84a-86c. 86a-86c) are disposed in par- 
allel on the piezoelectric material (60) above the de- 
pression (56). the second structure (B6a. 86b, 66c) 
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